I. INTRODUCTION SOME stocks of maize carry supernumerary or B chromosomes, whose morphology and mode of inheritance differ from that of the normal or A chromosomes. The B chromosomes tend to be unequally distributed to the gametes, so that progeny plants appear with numbers of B chromosomes both larger and smaller than the mean number present in the parents. The mean number and the distribution of B chromosomes to the progeny is different according to whether they are contributed through male or female gametes. When the B chromosomes are carried by the male parent only, the number of plants with even numbers of B chromosomes (including zero as an even number) may exceed those with odd numbers.
There has been some suspicion that B chromosomes may be lost from a plant, or from some cells of it, so that there must be some compensatory mechanism to maintain the frequencies in the population. Darlington and Upcott ('i.') considered that the B chromosomes confer a selective advantage upon the plants possessing them, to compensate for the mitotic losses which they observed. Randolph (ii) and Roman (1948) have suggested that the presence of B chromosomes is disadvantageous to the plants. They found nondisjunction of B's at the second pollen-grain division and preferential fertilisation of the egg by the gamete carrying the B's. These mechanisms together tend to ensure the retention and possible increase of B chromosomes in the population.
This investigation was undertaken to assess the effects of nondisjunction and preferential fertilisation upon the maintenance of B's in the population. Particular attention was devoted to the detection of genetic control of these behaviours.
MATERIALS AND METHODS
The work was carried out at the Botany School, Cambridge, and a field plot at the Rockefeller Experimental Station there was made available for planting during 1949 and 1950. 3. EXPERIMENTAL Non-disjunction of the B chromosomes was found to occur at anaphase I of meiosis and also at the second division of the pollen grain nucleus. Observations of the distributions of B's at various stages in the development of pollen mother cells and pollen grains and in the progeny of plants with known B numbers, were made in order to estimate the rates of non-disjunction and of preferential fertilisation.
These observations were made in plants with i, 2 and 3 B chromosomes and in the progeny from crosses of these plants with plants with no B chromosomes. All the B's observed in these stocks were of the standard type described by McClintock (i), constant in size and appearance, club-shaped at metaphase of mitosis, about two-thirds of the length of the smallest A chromosome in maize, and characterised by the large amount of heterochromatin at the distal end.
(I) Somatic aberrations
There is no significant loss of the B's by fragmentation and irregular movement during mitosis in the root tip. Of 355 root tips examined, 3 only (less than i per cent.), showed different B chromosome numbers in cells of the same root, and then the major occurrence of variation was in one plant, suggesting some genetic control of this variation.
The infrequent occurrence of such variation excluded it as an important factor in the inheritance of the B's. In 62 plants, whose roots and, later, pollen mother cells were examined, only two showed a change -i.e. in 32 per cent. of the plants. One showed a loss of one B and the other a gain of one B. Evidently, irregularities in B chromosome behaviour are infrequent in somatic cells so that there is little change in the number of B's between the embryo and the adult. Any irregularities seem to occur in the seedling stage rather than at later stages of development.
(ii) Meiotic behaviour During meiosis the B's lag behind the A chromosomes on the spindle, but no loss of B's was observed as a result. However, precocious division of the lagging B's at anaphase I was found in the pollen mother cells with i and 2 B chromosomes. When followed by regular division at anaphase II, this resulted in a doubling of the number of B's present in the tetrad cells. Non-disjunction at anaphase I in plants with 2 B and 3 B chromosomes is shown in table i. In the true sense, non-disjunction implies the movement of the two or more homologous chromosomes to the same pole at anaphase I, i.e. chromosome non-disjunction. The term is also used to include chromatid non-disjunction, namely, the movement together to one pole of the two chromatids of each chromosome at anaphase of mitosis (Longley, 1927 , Randolph, 1941 , Darlington and Upcott, 1941 .
In the 2 B plant at anaphase I, distributions of B's observed were I-I, 0-2, 1-2 and 2-2, the last two being the result of precocious division. The i-i would have come from normal disjunction of a B bivalent or from two univalents passing to opposite poles. The odistribution would have come, presumably, from two univalents passing to one pole, but many more cells show this distribution than can be accounted for by such movement. At metaphase I only 5 6 per cent, of the pollen mother cells showed the 2 B chromosomes present as univalents (table 2) . These would contribute equally to the B distributions of i-i and 0-2, so that only 2 8 per cent. of 0-2 would be expected as compared with the 12'6 per cent. observed.
This difference, 9'8 per cent., is highly significant and may be attributed to chromosome non-disjunction of the B's in bivalents at anaphase I.
The B distributions at anaphase I in the 3 B plant provided evidence of the same kind of non-disjunction. Cells at anaphase I show 14'I per cent, of o-distribution of which only about one-seventh can be accounted for by cells which had 3 univalents at metaphase I. Non-disjunction of bivalents and perhaps trivalents must therefore have occurred in at least 12 per cent. of all pollen mother cells. Non-disjunction of the B chromosomes at anaphase I is one of the factors contributing to progeny with numbers of B chromosomes both larger and smaller than those expected from the numbers present in the parents.
No chromatid non-disjunctions of B chromosomes were seen at anaphase II, and there are no significant differences between the distribution frequencies at anaphase I and anaphase II in plants respectively with i, 2 and 3 B's (table i) .
The first division of the pollen grain nucleus appears to be regular. No exceptional behaviour of the B's was noted, and chromatid nondisjunction at anaphase does not occur. The distributions of B's after the division (table 3) agree with the distributions observed at anaphase I and anaphase II, which have been calculated from the data recorded in table i. The second division of the pollen grain nucleus was observed only in pollen grains from the i B plant and then with extreme difficulty. To see the chromosome behaviour during this division, the cytoplasm must be extruded from the pollen grain wall and the abundant starch grains removed. As a result, the number of cells showing anaphase stages in which the chromosomes may be counted is remarkably few. The chromosomes at this stage are very small, and close together.
Evidence of chromatid non-disjunction was found amongst 20 anaphase stages in which the B numbers in the two groups of chromosomes could be counted. If the second division were regular, the only distributions expected at anaphase would be 0-0, i-i and 2-2. Five cells showed a 0-2 and one showed a 1-3 distribution (table 4) . These two types could have appeared only as a result of chromatid non-disjunction, the first from division of a i B generative nucleus in which the two chromatids moved to the same pole, and the second from a generative nucleus with two B's, in which the chromatids of one B did not disjoin but moved together to one pole with one chromatid from the other B which divided regularly. Thus 6 B's out of i observed at the second division of the pollen grain nucleus showed chromatid non-disjunction. The rate of non-disjunction is 35.3 per cent., but the observations are consistent at the 5 per cent. probability level with rates between 14 and 62 per cent. The range of B numbers which can be transmitted to the progeny is thereby increased.
The apparent increase in the mean (o85 as compared with o6i)
at the second pollen grain division is probably due to some selection of the cells actually recorded, those with no B chromosomes tending to be omitted unless they are particularly clear.
(vi) B chromosome distributions in the progeny
The numbers of B chromosomes in progeny of crosses between plants with and without B chromosomes are both greater and smaller than those in the parents (table 5). The mean is higher and there is a greater range in the numbers of B's in progeny where they were inherited from the male parent than in the reciprocals. In crosses where the B chromosomes were carried only by the male parent a larger number of progeny plants have even numbers of B chromosomes These results suggested that the distribution of the B's to the The first four samples in table 7 do not differ significantly from one another, either in their means or frequencies of plants with different B numbers. Hence the female parent has no effect upon preferential fertilisation which, therefore, appears to be pre-determined by the pollen parent. These four progenies may be pooled to represent the performance of plant 136. However, v differs significantly from i-iv combined, both in the mean number of B's in the progeny and in the frequencies of different numbers. This difference lies especially in the relatively greater number of plants with odd B numbers in v than in any of the other four families which all show a pattern of greater frequencies of plants Not only are unexpected B numbers found in progeny of a particular pollen parent, but different mean numbers of B's and dissimilar distribution frequencies occur in the progeny from similar crosses. These variations are dependent upon events which occur with variable frequency, in the development of the pollen grains and the events leading to fertilisation in the embryo sac. However, the seed parent is without effect upon the behaviour of the male gametes.
DISCUSSION
In these stocks, mitotic lapses of the B chromosomes have been found to be infrequent and the amount of loss or gain of B's during meiosis due to lagging and precocious division does not affect, significantly, the conclusions to be drawn from progeny analysis. Randolph (1941) considered such lapses to be insignificant in his material, yet Darlington and Upcott (i4i) observed them frequently enough to suggest that the B's confer a compensating selective advantage to the plant. All these observations indicate that the frequency and extent of such aberrations vary between stocks. However, the different rates of precocious division found in cells with i, 2 and B chromosomes, namely 23, 3 and o per cent, is a reflection of the different frequencies of univalents in such cells.
Non-disjunction of the B chromosomes in maize and other plants has been reported as occurring at various stages during meiosis and at both the pollen grain divisions. In maize, Longley (1927) observed it at anaphase II, while Randolph (x4i) and Roman (r947) both inferred from genetical results that it occurred at the second pollen grain division. In other plants, most cases of non-disjunction have been described as occurring at the first pollen grain division. Muntzing (1946) in Secale, Ostergren in Anthoxantlium and Bosemark (1950) in Festuca all observed it at this stage and, in the last two examples, only on the male side. Hâkansson described non-disjunction in the embryo sac of Secale. In Secale, in the pollen grain, directed non-disjunction takes place, so that the larger number of B's pass into the generative nucleus, increasing the number of B's per gamete.
The general effect of non-disjunction is to alter the distribution of B's in resultant cells, but not the total nor the mean number per cell. Daughter cells may have either smaller or larger numbers than the parent and even rather than odd numbers of B chromosomes.
The frequency of non-disjunction is reflected in the relative numbers of progeny with even and with odd numbers of B's, the rate of nondisjunction being inversely related to the proportion of plants with odd numbers.
In maize, non-disjunction occurs at two stages in the male parent during the reproductive phase. Chromosome non-disjunction occurs at anaphase I and chromatid non-disjunction at the second pollen grain division. They account for the wider range in B frequencies in the progeny than could be obtained from a single occurrencee.g. from 0-4 for a 2 B plant. At anaphase I, the rate of chromosome non-disjunction in the 2 B and B cells was of the order of io per cent. The rate of chromatid non-disjunction at the second pollen grain division, in the i B plant, was 35 per cent. Although similar observations were not made at pollen grain division II in plants In the progenies from crosses in which different pollen plants with the same number of B chromosomes were used as parents, the frequencies of the progeny plants with different B numbers showed differences sometimes in their mean and distributions, sometimes in their distributions alone.
A significant difference between the means of such progeny could be due to different rates of non-disjunction at the second pollen grain division with a given rate of preferential fertilisation, or to different rates of preferential fertilisation following a given rate of non-disjunction or to variation of both. Likewise variation in either factor may alter the distribution. Consequently, more searching analysis is needed to determine which factor is responsible for a particular effect.
Non-disjunction at the second pollen grain division leads to a relative increase in the proportion of gametes with even (including zero) numbers of B's. The ratio of the number of progeny with even (including zero) to odd numbers of B chromosomes provides a measure of the rate of non-disjunction. The ratios are og for the first group (i-iv), 0.64 for the second group (v-viii) and '.0 for Randolph's data. It is clear that the rate of non-disjunction is inconstant for a particular chromosome number. It is not yet known whether the rate is constant for a particular plant throughout the period of pollen shedding. Also whether environment affects the rate is unknown. Certainly, different plants behave differently on the same day, but this could be a reflection either of different states of maturity or of innate genetic differences between plants.
Preferential fertilisation of eggs by male gametes with larger numbers of B's can only occur when non-disjunction at the second pollen grain division has taken place and will therefore lead, in the case of the o X 2 B cross, to a deviation from equality of the number of progeny with even as compared with zero B's. The proportion of heterogametic pollen grains in which the male gamete with the larger number of B's preferentially fertilises the egg is approximately the ratio of their differences to their sum of the number of progeny with even and zero numbers of B's. The ratio has the values of o6i, o47 and o28 respectively, for the three groups of data. It would seem that the frequency of preferential fertilisation may also be variable and, if so, genetically controlled. However, such variability is unproven.
More precise estimates of these two factors need a more sophisticated treatment (Catcheside, 1956 ) because of the complex way in which the two interact.
If the presence of B's confers an advantage upon the plant, as Darlington and Upcott (ii) suggested, then with the mechanisms of non-disjunction and preferential fertilisation together giving rise to progeny plants with larger B numbers, an increase in the number of B's in the population during succeeding generations might be expected. There is no evidence for any such population gain. Rather it would seem that the presence of B's confers a selective disadvantage and that non-disjunction followed by preferential fertilisation ensures 2. Chromosome non-disjunction of the B chromosomes was observed at anaphase I of meiosis in pollen mother cells and chromatid nondisjunction at the second division of the pollen grain nucleus.
